SUMMARY
Cobalt chromium-Titanium rods versus TitaniumTitanium rods for treatment of adolescent idiopathic scoliosis; which type of rod has better postoperative outcomes? INTRODUCTION Commonly, adolescent idiopathic scoliosis (AIS) is a three-dimensional (3D) spinal deformity with hypokyphosis in sagittal plane and major curve in obligatory rotation (coronal plane) causing various complications 1 as well as in different countries, AIS prevalence is estimated between 0.47-5.2%. Genetic factors, gender and age of onset are major features determining prevalence and curve pattern in patients.
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The customary treatment of AIS is spinal fusion with instrumentation using rigid rods. In parallel, agents such as, curve magnitude, points of fixation, level instrument selection, curve flexibility, kind of anchor rods used for patients and post-operative care are the main factors affecting the outcome of surgery 4 . Furthermore, correcting and preserving the ability of the rod is one of the most important factor ORIGINAL ARTICLE 2 groups, in 1:1 ratio, undergoing posterior spinal fusion surgery using CrCo-Ti rod and Ti--Ti rod in both sides, using all pedicle screw fixation technique. Patients with AIS with Lenke classification type I or II, indicated for posterior spinal fusion surgery with instrumentation that have not had spinal surgery previously, were included in this study after obtaining informed written consent. Patients who had not been followed up for 12 months or underwent further surgery were excluded from study.
Surgery procedure and management
The surgery in all patients has been done by a single surgeon and in the same institution. The procedure was done in prone position with the trunk supported at the upper thorax and thighs, while, abdomen was left free. Patients were put in a general anaesthesia and neuromonitoring control for every patient was done. Pedicles were fixed with polyaxial pedicle screws (Zimmer, Inc USA) with 4.5 or 5.5 mm diameter and between 25-45 mm in length, in both sides (Fig1). In the beginning, the uppermost and lowermost vertebrae's pedicles were screwed, and then vertebrae between them were screwed as well. Afterwards, the pre-bend rods were placed in these screws. At last, pre-bend rods were straightened up by pulling them from the sides through translation technique. Rods specifications were Ti or CrCo-Ti (Zimmer, Inc USA) with 5.5mm diameter.
In the intervention group, CoCr-Ti rod was placed in the working side (concave side) and Ti rod was placed in the resting side (convex side). In the control group, Ti rods were placed in both sides. All patients were operated under sensory evoked potential monitoring. Patients have used bracing for 3 months after surgery. First post-up radiography was done before in choosing the best alloy for this surgery. Titanium Ti6Al4V(Ti), Stainless steel A316L (SS), and CrCoMoC (CrCo) are the most commonly used alloys of this surgery, each of them with different properties such as stiffness, radiologic features, postoperative complications, and effectiveness
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. Ti rods, due to lower risk of infection after surgery and fewer artefacts in radiographic imaging are better than the SS rods previously used. However, Ti rods are more flexible and cannot modify the deformation as much as SS rods. Recently, the CrCo rods used have lower risk of postoperative infection and less artefacts in radiographic imaging than SS rods. Moreover, CrCo rods effectively correct the scoliosis and preserve better correction toward the mentioned alloys
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. Therefore, in this study, we have aimed to compare the outcomes of spinal deformity correction using different alloys of Ti-Ti and CrCo-Ti rods for the treatment of spinal AIS using translation technique.
METHOD

Ethical Committee
All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki Declaration and its later amendments or comparable ethical standards. The study protocol was approved by the Ethics Committee of Isfahan University of Medical Sciences.
Design and participants
This randomized clinical trial study was conducted between April 2012 and August 2107 in Alzahra Hospital-Isfahan, Iran. Patients were randomized in 
Statistical analysis
Collected data was analysed with independent t-test, paired t-test and univariate analysis of variance (ANOVA) in IBM SPSS20 -United States software. Results with significant P<0.05 were reported.
RESULTS
In the current study, 59 patients including 37 (62.7%) females and 22 (37.3%) males with diagnosis of AIS participated. Included patients had the mean age of 14.14±1.41 years old with the range of 12-17 years. Mean age of participating females was 14.03±1.24 and for males, it was 14.32±1.76 years (P-value=0.477). Patients' Risser grading was 4.10±0.70 with the range of 3-5. In addition, their fusion level was 10.02±1.94 (Range of 4-13). Flexibility of main curve was 33.10 ± 20.47 percent with range of 11-55 degree.
In order of deformity correction, patients were randomly divided into two groups using CrCo-Ti rod for 30 patients of first group and Ti-Ti rod for the remaining 29 patients of second group. Table-1 is showing the demographic variables of patients. Based on findings of Table-1, patients' distribution based on age and gender was not statistically different in both groups (P-value= 0.256 and 0.661, respectively). Success rate of spinal deformity correction follow- 
Data collection and imaging analysis
On admission, patient's demographic information including age, gender, curve flexibility and curve class according to Lenke classification, was recorded. Coronal and sagittal imaging of thoracic and lumbar region of spine were obtained in full-standing x-ray and bending supine PA radiography was done for each patient to evaluate curve specifications, respectively. After analysis of images using surgical map software (Surgimap®, a Nemaris Inc.), Cobb angle of main curve and secondary curves were calculated. Iliac crest X-ray images were obtained due to estimate skeletal maturity according to Risser system Table-2 is showing effects of spinal deformity correction surgery regardless of type of rod used for the surgical procedure. According to these results, the main curve and kyphosis had statistically changed after surgery in comparison to its status prior to surgical procedure. Table-3 and Table-4 are showing mean changes of angles prior to and after surgical procedure and final detected curves of both groups respectively. On the other hand, Univariate test showed that patients' age and type of rod are predicting factors for deformity correction success. By controlling the type of rod and age, prediction of successes of main curve correction is the following: P-value=0.054, r=-1.863. And by controlling age, use of CrCo-Ti rod is superior to Ti-Ti rods as follows: P-value=0.001, r=8.865.
DISCUSSION
In this study, our data showed that using CrCo-Ti and Ti-Ti rods for treatment of AIS, the success rate of spinal deformity correction was higher with CrCoTi rods and also, these findings suggest that the rate mentioned was related to age and type of patients, but not to gender.
On the other hand, for many years, CoCr has an extremely high particular strength and rigidity and it is generally used in gas turbines, dental implants and orthopaedic implants 8, 9 . CoCr rods have the ability to exert high corrective forces on the spine with relatively small amounts of rod deformation. This material also has the highest potential of plastic deformation in a highly rigid spine
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. In our experience, the group using CoCr-Ti rods revealed a notably greater increase in spinal kyphosis than Ti-Ti group.
A study by Hwang et al. 12 showed maintenance of coronal and sagittal plane correction between 2-and 5-year follow up using screw constructs in AIS. Our data confirms the capability of the whole-pedicle screw construct to prevent deformity improvement while maintaining balance in kyphotic patients. Furthermore, different studies in recent years have shown that efficiency of pedicle screws for achieving acceptable sagittal alignment in translation technique. In this correction technique, the importance of rod mechanical property should be steeply considered. In this term, by pedicle screw, the spine should be brought to the pre-contoured rods. It has been presented that CrCo rods have the ability of main curve correction and preventing sagittal change from deviations due to its balance between stiffness and flexibility
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. Lamerain et al.
10
, with study on 90 patients ,suggested CoCr rods have the ability to produce higher correction rates in frontal plane compared to SS rods of the same diameter as well as Lamerain et al. 16 with another study on 61 patients treated by posterior spinal fusion and instrumentation, using all-pedicle screw constructs have indicated CoCr rods can produce sagittal corrections in hypokyphotic adolescent idiopathic scoliosis patients and they confirm the benefit of combining all-pedicle screw constructs
On the other hand, we have also revealed that main curve correction percentage was over 86% (86.76± 11.30%) and plus, we observed notable correction of main curve angle in groups treated with CrCo-Ti rods and Ti-Ti rods. This rate was significantly higher with CrCo-Ti rod. The final main curve was significantly higher in the CrCo-Ti rods than Ti-Ti rod. This difference shows higher main curve angle correction using CrCo-Ti rods. In addition, in the other perspective of the findings of this study, for kyphotic change, the average angle was 3.29 (3.29±6.60) degrees, regardless of the type of rod used. Patients treated with CrCo-Ti rods exhibited significant postoperative kyphotic changes but these postoperative changes with Ti-Ti rods were not significant. These kyphotic changes resulted from CrCo-Ti rod and they can be attributed to higher stiffness of CrCo rod added to acceptable flexibility of Ti rod. A study by Angelliaume et al. 11 reported the success rate of 71% in sagittal correction of AIS patients. This success rate was similar . In contrast to our findings, Angelliaume et al. 11 found no differences between CrCo-Ti rods in comparison to Ti-Ti rods. In addition, kyphotic angle change was not statistically different comparing the two types of rods. Another research by Han et al. compared operated adults with main complaint of spinal deformity comparing CrCo rods with Ti rods. They did not observe statistical differences between the two types of rods in terms of sagittal vertical axis, thoracic kyphosis, lumbar lordosis and pelvic incidence. Another point in this remarkable study is the change in lumbar lordosis, which was over 35 degrees in the participants regardless of the type of rod.
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In conclusion, our findings showed that CrCo-Ti and Ti-Ti rods provide similar significant main curve correction in flexible spinal AIS, but the success rate of CrCoTi rods was significantly superior on spinal deformity correction. Moreover, our data also revealed that the use of CrCo-Ti and Ti-Ti rods associated with all-pedicle screw construct is the best association to provide the highest correction rate in idiopathic scoliosis correction procedures. This is the first study in Iran to describe the clinical use of CrCo-Ti rod that shows marked radiographic improvement in coronal and sagittal alignment. Furthermore, we found better restoration of kyphotic angle change with the use of CrCo-Ti rods compared with Ti-Ti rods. In the CrCo-Ti group, the rate of postoperative kyphotic angle change was significantly higher than in the Ti-Ti group. 
